A commonly accepted view of plant growth hormones is that their interaction with the cognate receptor protein is reversible, so that each hormone molecule can potentially interact multiple times with a receptor and so either amplify the hormone signal or maintain it over an extended period of time. The signal can be 'cancelled' by degrading the hormone. Strigolactones present us with a potentially new paradigm. The receptor is a serine hydrolase-type protein which attacks the strigolactone resulting in covalent modification of the receptor, while at the same time destroying the hormone. Strigolactone is apparently a one-use 'disposable' hormone.
Strigolactones were discovered exactly 50 years ago because they stimulate germination of parasitic weeds of the Striga genus, but they were only recognised as endogenous growth hormones in 2008 (Gomez-Roldan et al., 2008; Umehara et al., 2008) . Strigolactones repress shoot branching and induce stem thickening, and they promote development of root hairs and lateral roots (Brewer et al., 2013) . The effect on shoot branching provided a simple way to identify mutants impaired in strigolactone biosynthesis and perception. Many mutants were isolated in pea (Pisum sativum), rice (Oryza sativa), Arabidopsis (Arabidopsis thaliana) and petunia (Petunia hybrida) which led to the identification of the genes responsible. Two genes have been found to be required for strigolactone signaling. One of these encodes an F-box protein known as MORE AXILLARY GROWTH2 (MAX2) in Arabidopsis, DWARF3 (D3) in rice, PhMAX2 in petunia and RAMOSUS4 (RMS4) in pea. The other gene encodes an α/β-fold hydrolase known as D14 in rice, AtD14 in Arabidopsis, DECREASED APICAL DOMINANCE2 (DAD2) in petunia and RMS3 in pea (Brewer et al., 2013; Al-Babili and Bouwmeester, 2015) .
Ground-breaking research on the DAD2 protein revealed that it is able to hydrolyse the synthetic strigolactone GR24, although the rate of hydrolysis is so slow that it is essentially negligible (Hamiaux et al., 2012) . More importantly, the interaction between DAD2 and GR24 led to a change in the conformation of DAD2 as revealed by differential scanning fluorimetry and by a change in its thermal stability. This change of state depended upon an intact catalytic triad (Ser, His and Asp residues) at the active site of DAD2. Furthermore, the conformational change in DAD2 led to its interaction with the F-box protein PhMAX2 in yeast two-hybrid assays (Hamiaux et al., 2012) . It was proposed that this interaction led to the targeting of other proteins for ubiquitination and degradation, as happens in other hormone signalling systems such as those of jasmonates and gibberellins. Crucially, the products of GR24 hydrolysis by DAD2 are not biologically active, leading to the conclusion that the interaction between GR24 and DAD2 provides the perception mechanism and that DAD2 represents a type of 'receptor-enzyme'.
The next breakthrough came when X-ray crystallography revealed that after incubation with GR24, the rice D14 protein was covalently modified . The GR24 was found to have undergone nucleophilic attack by the active site Ser of D14 and a 5-carbon moiety derived from the butenolide ring of GR24 remained covalently attached to the Ser . These studies provided the foundation for the idea that D14 is the strigolactone receptor which becomes activated by covalent modification following attack on the strigolactone ligand. It was further reported that D14 becomes destabilised upon interaction with GR24 and D3 (Zhao et al., 2015) . Now a new study published in Nature by Yao et al. (2016) has succeeded in the major task of characterising crystals of AtD14 in association with rice D3 (the ortholog of MAX2) and the Arabidopsis ASK1 protein (to facilitate D3 solubility). The formation of crystals was induced by incubation with GR24. Analysis of the structure of the complex revealed that the active site pocket of D14 is occupied by the 5-carbon product of nucleophilic attack on the butenolide of GR24, and that the two arms of this small molecule form stable contacts with the active site Ser and His residues ( Figure 1A ). Subsequent digestion of D14 and isolation of peptide fragments revealed that the active site His residue was modified by covalent attachment of the 5-carbon moiety. They succeeded in isolating the same covalently modified peptide from plants, showing that it occurs in vivo. The authors propose that this 5-carbon moiety forms a stable covalent bridge between the Ser and His residues. In a parallel study on the pea RMS3 protein, strigolactone-dependent covalent modification of the His residue was also observed (de Saint Germain et al., 2016) . This research also used a range of substrate analogs and concluded that the key to signalling is not hydrolysis but is the formation of a stable covalent intermediate. The information from these studies could prove to be vital in the design of a new generation of strigolactone mimics for use in agriculture.
The interaction of D3 protein with covalently-modified AtD14 led to a change in the conformation of both proteins (Yao et al., 2016) . This could potentially facilitate the interaction of the complex with other proteins which then become targets for ubiquitination and breakdown by the 26S proteasome ( Figure 1B) . In a previous breakthrough by two Chinese teams, the rice D53 protein was discovered to be a target of D14 and D3 Zhou et al., 2013) . D53 is a chaperone-type protein that is thought to regulate gene transcription, but the homologous proteins in Arabidopsis (SMXLs) regulate not only transcriptional responses , but also auxin transport (Soundappan et al., 2015) and other processes some of which might be strigolactone-independent (Liang et al., 2016) . Importantly, SMXL proteins interact with D14 in a manner that depends on the D14 catalytic triad and on strigolactone Liang et al., 2016) . To add potential complexity or confusion, it is also reported that D14 exhibits strigolactone-dependent interaction with the rice DELLA protein SLR1, which could therefore provide a mechanism for crosstalk with gibberellin signalling (Nakamura et al., 2013) .
Since D14 interactions with D3/MAX2 were discovered before D14 interactions with D53/SMXLs, attention has been focused mainly on the D14-D3/MAX2 interaction as the primary event in strigolactone signalling. However we now need to consider the possibility that D14 could interact with D53/SMXL proteins before interacting with D3/MAX2, or even interact independently. The D14 and D3/MAX2 proteins are observed in both cytosol and nucleus, while D53/SMXL proteins are nuclear (Liang et al., 2016) . One scenario is that D14 interacts first with strigolactone in the cytosol to create the covalently modified D14. Intriguingly this modification to D14 might provide a signal for its translocation to the nucleus, potentially in a complex with D3/MAX2. Another question is whether D14 and D3/MAX2 assemble with D53/SMXL while it is bound to the chromosome, since ubiquitination complexes are known to operate on chromatin proteins in situ. It is also known that D14 is degraded in a MAX2-dependent process following its interaction with strigolactone (Chevalier et al., 2014) . This raises the possibility that not only is strigolactone destroyed during the signalling process, but its receptor protein might suffer the same fate. The discoveries of Yao et al. (2016) will open up ways to address such exciting questions. Furthermore, while GR24 is a very active strigolactone analog, the natural endogenous strigolactone signal is unknown, but is likely to be a derivative of carlactonoic acid rather than a canonical strigolactone of the type that is secreted from roots (Al-Babili and Bouwmeester, 2015) . This raises another intriguing question about the fate of the non-butenolide part of the endogenous hormone, and whether it might have a separate signalling function.
The rapid progress in understanding the function of strigolactones has been a great success story in recent scientific research. The revelation that strigolactones operate by means of a novel mechanism that covalently modifies the receptor and simultaneously destroys the hormone makes us re-think our understanding of plant hormones. Do hormone molecules typically trigger multiple signalling events before they are broken down, or are they more like the 'disposable' strigolactones?
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